Objective: We evaluated the hypothesis that the development of renal dysfunction and congestive heart failure (CHF) caused by volume overload in rats with angiotensin II (ANG II)-dependent hypertension is associated with altered renal vascular responsiveness to ANG II and to epoxyeicosatrienoic acids (EETs). Methods: Ren-2 transgenic rats (TGRs) were used as a model of ANG II-dependent hypertension. CHF was induced by volume overload achieved by the creation of the aorto-caval fistula (ACF). Renal blood flow (RBF) responses were determined to renal arterial administration of ANG II, native 11,12-EET, an analog of 14,15-EETs (EET-A), norepinephrine (NE), acetylcholine (Ach) and bradykinin (Bk) in healthy (i.e., sham-operated) TGR and ACF TGR (5 weeks after ACF creation). Results: Selective intrarenal administration of neither vasoactive drug altered mean arterial pressure in any group. Administration of ANG II caused greater decreases in RBF in ACF TGR than in sham-operated TGR, whereas after administration of NE the respective decreases were comparable in the 2 groups. Administration of Ach and Bk elicited significantly higher RBF increases in ACF TGR as compared with sham-operated TGR. In contrast, administration of 11,12-EET and EET-A caused significantly smaller RBF increases in ACF TGR than in sham-operated TGR. Conclusion: The findings show that 5 weeks after creation of ACF, the TGR exhibit exaggerated renal vasoconstrictor responses to ANG II and reduced renal vasodilatory responses to EETs, suggesting that both these alterations might play an important role in the development of renal dysfunction in this model of CHF.
Introduction
Congestive heart failure (CHF) is a major public health problem affecting currently 4% of the adult population in Europe [1] . In spite of an array of therapeutic approaches available, the prognosis is still gloomy: the patients' survival rate, especially of those with CHF accompanied by impairment of renal hemodynamics, is worse than that in most types of common cancers [2] [3] [4] [5] [6] [7] [8] . Notably, it was proposed that hypertension and renal dysfunction are 2 most important independent risk factors for the progression of CHF [9] [10] [11] [12] [13] . Unfortunately, current pharmacological regimes usually fail to prevent renal dysfunction in patients with CHF [2, 5, 8, 12] . Evidently, new pharmacological measures targeting renal dysfunction are needed. However, the prerequisite here is a better understanding of the mechanism(s) underlying the development of renal dysfunction in CHF, particularly in originally hypertensive individuals. This is still to come and appropriate focused experimental studies are needed to achieve this goal.
In this context, it should be noted that reduced renal blood flow (RBF) is a very common finding in individuals with CHF, and it is detected at its early stage [12, [14] [15] [16] . Adequate and stable perfusion of the kidneys is essential for normal renal function [17, 18] , and the RBF decrease is indeed the first warning sign of the development of serious renal dysfunction in CHF [12, [14] [15] [16] . Since the activation of the renin-angiotensin-aldosterone system (RAAS) is one of the earliest neurohormonal responses in CHF and has a critical role in its pathophysiology [6, 8, 12, 16, [19] [20] [21] [22] [23] [24] , the research has been focused on the role of the RAAS in RBF control: there is evidence, even though not entirely conclusive, that impairment of renal hemodynamics in CHF critically depends on intrarenal angiotensin II (ANG II) [25] [26] [27] . Perhaps even more likely, altered intrarenal interaction of ANG II with other vasoactive neurohormonal factors might be decisive for RBF reduction and renal dysfunction [7, 9, 22, 23, [28] [29] [30] [31] [32] [33] . This notion has been further supported by our recent finding that in the rat model of CHF induced by chronic volume overload due to the creation of the aorto-caval fistula (ACF), the renal vascular responsiveness to ANG II was not enhanced, whereas the rats exhibited augmented renal vascular responsiveness to norepinephrine (NE) [34] . However, this study was performed in CHF rats that were normotensive and before the onset of CHF displayed normal endogenous RAAS activity [34] . Thus, it is possible that in hypertensive rats the renal hemodynamics alterations might still be dependent on intrarenal ANG II actions.
The Ren-2 transgenic rat (TGR) model combines the endogenous activation of the RAAS and hypertension [35, 36] , the 2 well-recognized critically important factors promoting the progression of CHF. We found recently that CHF decompensation develops within 5 weeks in ACF TGR but not in normotensive transgene-negative, Hannover Sprague-Dawley (HanSD) rats [37, 38] . In addition, we found that increasing renal tissue concentrations of epoxyeicosatrienoic acids (EETs), renal vasodilatory and natriuretic agents that are produced by cytochrome P-450-dependent epoxygenase pathway of arachidonic acid metabolism, attenuated renal dysfunction and delayed the progression of CHF in ACF TGR but not in ACF HanSD rats [37, 38] . Considering all that knowledge, we hypothesized that the development of renal dysfunction and CHF caused by volume overload in rats with ANG II-dependent hypertension is associated with altered renal vascular responsiveness to ANG II and to EETs.
To test this hypothesis, we compared the renal vascular responsiveness to intrarenal administration of ANG II and EETs in sham-operated (without ACF) TGR and HanSD rats and also in ACF TGR and ACF HanSD rats. To find out if the assumed altered renal vascular responsiveness to ANG II and EETs in ACF TGR is specific or simply represents altered reactivity to diverse endogenous vasoconstrictors and vasodilators, RBF's responses to NE, acetylcholine (Ach) and bradykinin (Bk) were also examined. Moreover, to gain a better insight whether possible differences in the renal vascular responsiveness to vasoconstrictor and vasodilator agents are not modified by different degree of compensatory activation of neurohormonal systems, plasma concentrations ANG II, NE, ANG-1-7 (ANG 1-7) and aldosterone and kidney concentrations of NE, ANG II and ANG 1-7 were determined in TGR and HanSD rats and also in ACF TGR and ACF HanSD rats.
Methods

Ethical Approval, Animals, CHF Model, Chemicals
The studies were performed in accordance with the guidelines and practices established by the Animal Care and Use Committee of the Institute for Clinical and Experimental Medicine, Prague, which accord with the European Convention on Animal Protection and Guidelines on Research Animal Use and was approved by this committee and consequently by the Ministry of Health of the Czech Republic (the decision number for this project is 26899/2017-3/OZV issued by Ministry of Health of the Czech Republic). All animals used in the present study were bred at the Center of Experimental Medicine of this Institute, which is accredited by the Czech Association for Accreditation of Laboratory Animal Care. Heterozygous TGR were generated by breeding male homozygous TGR with female homozygous transgene-negative normotensive HanSD rats and age-matched HanSD rats served as controls. The animals were kept on a 12-/12-h light/dark cycle. Throughout the experiments rats were fed a normal salt, normal protein diet (0.45% NaCl, 19-21% protein) manufactured by SEMED (Prague, Czech Republic) and had free access to tap water.
Male TGR and HanSD rats, at the initial age of 8 weeks, derived from several litters, were randomly assigned to experimental groups to make sure that the animals from a single litter did not prevail in any group. Rats were anesthetized (tiletamine + zolazepam, Virbac SA, Carros Cedex, France, 8 mg/kg; and xylasine, Spofa, Czech Republic, 4 mg/kg intramuscularly) and CHF was induced by volume overload caused by the ACF created using needle technique as originally described by Garcia and Diebold [39] ) and employed and validated by many investigators including our own group [34, [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] . After exposure of the abdominal aorta and inferior caval vein between the renal arteries and iliac bifurcation, the aorta was temporarily occluded at this segment for about 40 s. An 18-gauge needle (diameter 1.2 mm) was inserted into the abdominal aorta and advanced across its wall into the inferior caval vein to create ACF. Thereafter, the needle was withdrawn and the puncture site was sealed with cyanoacrylate tissue glue. The successful creation of the ACF was confirmed by the inspection of pulsatile flow of oxygenated blood from the abdominal aorta into the caval vein. Sham-operated rats underwent an identical procedure but without creating ACF. This is a model with many features similar to untreated human CHF; its additional advantage is that the onset of the compensated and decompensated phase of CHF is here precisely defined and consistent [38, 40, 41, 43, 44] . We have recently repeatedly demonstrated that in heterozygous TGR the onset of the decompensated phase of CHF occurs 5 weeks after ACF induction and at this time HanSD rats are still definitely in the phase of compensated CHF [37, 38, 40,
Preparations for Acute Studies of Renal Vascular Responses to Vasoactive Agents
The rats were anesthetized with thiopental sodium (80 mg/kg i.p.) and placed on a heated surgical table to maintain body temperature at 37 ° C. Tracheostomy was performed to maintain patent airways, and the external end of the tracheal cannula was placed inside a small plastic chamber into which humidified 95% oxygen/5% carbon dioxide mixture was continuously delivered. The right jugular vein was catheterized with PE-50 tubing for the infusion of solutions. The right femoral artery was cannulated for arterial blood pressure monitoring. Mean arterial pressure (MAP) was monitored using a pressure transducer and recorded using a computerized data acquisition system (PowerLab, ADInstruments, UK). The left kidney was exposed via a flank incision, isolated from the surrounding tissue and placed in a lucite cup. For selective intrarenal drug administration, a tapered PE-10 catheter was inserted into the aorta via the left femoral artery and passed 1-2 mm down the left renal artery. This catheter was kept patent by a continuous infusion of heparinized saline at a rate of 2 µL/min throughout the experiment. During the surgery, animals received an intravenous infusion of saline containing 6% bovine serum albumin (Sigma Chemical Co., Prague, Czech Republic) at a rate of 20 µL/min. With the surgery completed, saline solution was infused to compensate for fluid losses. An ultrasonic transient-time flow probe (1RB, Transonic Systems, Altron Medical Electronic GmbH, Germany), connected to a Transonic flowmeter, was placed on the left renal artery and RBF was continuously recorded. On completion of surgery, a 45-min equilibration period was allowed. The protocol consisted of evaluating MAP and RBF responses to intrarenal bolus doses of vasoactive agents. Vasoactive agents were loaded in a small volume (20 µL) to a Cheminert valve and then rapidly infused into the animal by a bolus of saline (150 µL) at a rate of 90 µL/min. Two different doses of each vasoactive agent were administrated in random order. The changes in RBF and MAP were expressed as a percent of baseline values and the baseline values were always assessed separately for each administration. This experimental approach was employed and validated by previous studies, including ours [34, [47] [48] [49] .
Evaluation of the Indices of the RAAS and Sympathetic Nervous System Activity
Since it is now recognized that plasma and tissue concentrations of ANG II measured under anesthesia are higher than those in conscious rats after decapitation, and there are also marked differences in renin secretion in response to anesthesia and surgery [36, [50] [51] [52] , in this study ANG II, ANG 1-7, aldosterone and catecholamine concentrations were measured in samples from decapitated animals. The detailed description of the methodology for measurement of the concentration of RAAS components and of catecholamines, as routinely employed in our laboratory, was given previously [52] [53] [54] . 
Experimental Design
The rats were prepared as described above and RBF responses to 2 intrarenal doses of ANG II (2 and 8 ng), NE (6 and 20 ng), Ach (20 and 60 ng), Bk (100 and 300 ng), native 11,12-EET (300 and 600 ng), and EET-A (400 and 800 ng) were determined in the following experimental groups (n = 9 in each group): 1. Sham-operated HanSD rats 5 weeks after surgery 2. ACF HanSD rats 5 weeks after ACF creation 3. Sham-operated TGR 5 weeks after surgery 4. ACF TGR 5 weeks after ACF creation Separate groups of animals (n = 7 in each group) were used to evaluate plasma and kidney ANG II, ANG 1-7 and aldosterone levels as the markers of the RAAS along with determination the degree of sympathorenal activation assessed by plasma and kidney concentrations of NE, epinephrine and dopamine. 
Statistical Analysis
All values are expressed as mean ± SEM. Statistical analysis of the data was performed using Graph-Pad Prism software (Graph Pad Software, San Diego, CA, USA) employing one-way ANOVA followed by Student-Newman-Keuls test where appropriate. The values exceeding 95% probability limits (p < 0.05) were considered statistically significant. Figure 1A shows that plasma ANG II levels were significantly higher in sham-operated TGR than corresponding levels in sham-operated HanSD rats. The creation of ACF resulted in significant increases in plasma ANG II concentrations in both groups of rats. Moreover, plasma ANG II concentrations were significantly higher in ACF TGR than corresponding values in ACF HanSD rats.
Results
As shown in Figure 1B , there was no significant difference in plasma aldosterone level between sham-operated HanSD rats and sham-operated TGR. The creation of ACF caused similar significant increases in plasma aldosterone levels in TGR and HanSD rats. Figure 1C shows that there was no significant difference in plasma ANG 1-7 concentrations between sham-operated HanSD rats and sham-operated TGR. The creation of ACF resulted in significant increases in plasma ANG 1-7 levels in TGR and HanSD rats. While the level tended to be higher in ACF TGR than in ACF HanSD group, the difference did not reach statistical significance.
Data shown in Figure 1D help to assess the state of the systemic balance between the vasodilator and vasoconstrictor axes of the RAAS expressed as the ratio of ANG 1-7 to ANG II. This ratio has been validated in previous studies, including our own [52] . It is shown here that in sham-operated TGR, the ratio is only one half of that in sham-operated HanSD rats. The creation of ACF did not alter the ratio in ACF HanSD rats but resulted in its marked increase in ACF TGR, up to the value observed in sham-operated and ACF HanSD rats. As shown in Figure 1E , there was no significant difference in plasma NE levels between sham-operated HanSD rats and sham-operated TGR. The creation of ACF resulted in similar increases in plasma NE levels in either group. Plasma concentrations of epinephrine and dopamine showed a similar pattern (data not shown).
As shown in Figure 2A , whole kidney ANG II concentrations were more than twice higher in sham-operated TGR than in sham-operated HanSD rats, and the creation of ACF resulted in marked ANG II increases in both groups, but the concentration was significantly higher in ACF TGR than that in ACF HanSD rats. As shown in Figure 2B , there was no significant difference in the renal NE concentration between sham-operated HanSD and TGR. The creation of ACF resulted in similar significant NE increases in TGR and HanSD rats. There were no significant between-group differences in renal concentrations of epinephrine and dopamine (data not shown).
As shown in Figure 2C , there was no significant difference in kidney ANG 1-7 concentrations between sham-operated HanSD rats and sham-operated TGR. The creation of ACF resulted in significant increases in renal ANG 1-7 levels in both groups, but they were more pronounced in ACF TGR than those in ACF HanSD rats. Figure 2D helps to assess the intrarenal balance between vasodilator and vasoconstrictor axes of the RAAS, again presented as the ratio of ANG 1-7 to ANG II. Similarly as with the circulating peptides, it shows that in sham-operated TGR, the ratio is only half of that in sham-operated HanSD rats. The creation of ACF did not alter this ratio in HanSD rats but resulted in its marked increase in TGR up to the level observed in sham-operated and ACF HanSD rats. As presented in Table 1 , 5 weeks after the creation of ACF, the rats displayed marked cardiac hypertrophy as apparent from increases of left ventricle (LV) weight (LVW, including the interventricular septum) and right ventricle weight compared with sham-operated rats. In addition, ACF rats displayed marked lung congestion as seen from increases of wet lung weight. Notably, cardiac hypertrophy and lung congestion were more pronounced in ACF TGR than that in ACF HanSD rats. Interestingly, the degree of right ventricle hypertrophy was in ACF rats greater than that of the LV as indicated by increases in the right ventricle weight to LVW ratio. Figure 3 illustrates the basal MAP, RBF, and renal vascular resistance values in animals 5 weeks after sham-operation or after creation of ACF. As shown in Figure 3A , sham-operated TGR were markedly hypertensive as compared with sham-operated HanSD rats. A creation of ACF resulted in significant decreases in MAP in TGR as well as in HanSD rats but the pressure remained significantly higher in ACF TGR. As shown in Figure 3B , there were no significant differences in RBF between shamoperated TGR and sham-operated HanSD rats; there was only a tendency for a higher RBF in the former group. The creation of ACF resulted in significant decreases in RBF in both groups to similar levels. Figure 3C shows that there were no significant differences in renal vascular resistance between experimental groups.
Intrarenal administration of ANG II, NE, Ach, Bk, 11,12-EET, and EET-A did not alter MAP in any experimental group. The percent changes induced varied from -0.9 ± 0.8 to 1.1 ± 1.1, which was not significantly different from MAP responses to intrarenal bolus administration of saline. Figure 4A shows the maximum decreases in RBF induced by the intrarenal administration of 2 and 8 ng of ANG II. The response was substantially greater in sham-operated TGR as compared with the response of sham-operated HanSD rats. ANG II caused almost identical dosedependent decreases in RBF in ACF HanSD rats and in sham-operated HanSD rats. In contrast, ANG II caused greater RBF decreases in ACF TGR as compared with sham-operated TGR. Figure 4B shows that the intrarenal administration of NE at the doses of 6 and 20 ng elicited similar dose-dependent RBF decreases in sham-operated TGR and HanSD rats. However, NE caused markedly higher decreases in RBF in ACF HanSD rats as compared with sham-operated HanSD rats. Dissimilarly, it elicited comparable decreases in RBF in both TGR groups. Figure 5 presents RBF responses to intrarenal administration Ach and Bk, the endothelium-dependent vasodilators. As shown in Figure 5A , Ach at the doses of 20 and 60 ng elicited similar RBF increases in sham-operated TGR and HanSD rats. However, it caused significantly greater RBF increases in ACF TGR and ACF HanSD rats than those in their shamoperated counterparts. As shown in Figure 5B , intrarenal administration of 100 and 300 ng of Bk elicited RBF increases with a pattern quite similar to that observed with Ach. Figure 6 shows RBF responses to EET vasodilators (native 11,12-EET or EET-A, a synthetic analog of 14,15 EET). As seen in Figure 6A , intrarenal administration of 11,12-EET at the doses of 300 and 600 ng induced similar RBF increases in sham-operated TGR and shamoperated HanSD rats. 11,12-EET also elicited similar RBF increases in ACF HanSD rats and in sham-operated HanSD rats, whereas RBF increases in ACF TGR were significantly smaller than those in sham-operated TGR. The intrarenal administration of EET-A at the doses of 400 and 800 ng elicited RBF responses that were similar in pattern with those observed with 11,12-EET (Fig. 6B ).
Discussion
The most important finding of the present study is that intrarenal administration of ANG II, at doses that do not alter MAP, elicited substantially greater decreases in RBF in ACF TGR than those in ACF HanSD rats and also than those in the sham-operated TGR counterparts. In contrast, data show that intrarenal administration of the native 11,12-EET as well as of the EET-A, an analog of 14, 15-EET, induced distinctly smaller RBF increases in ACF TGR than those in ACF HanSD rats and, even more so, in sham-operated TGR. For comparison, intrarenal NE, Ach and Bk elicited comparable RBF responses in ACF TGR and ACF HanSD rats. Furthermore, RBF responses to intrarenal endothelium-dependent vasodilators Ach and Bk were enhanced in ACF TGR as compared with sham-operated TGR. On the whole, present data indicate that ACF TGR exhibit enhanced renal vasoconstrictor responses to ANG II and attenuated renal vasodilatory responses to EETs. These findings are in agreement with our hypothesis that selectively exaggerated renal vascular responsiveness to ANG II combined with selectively impaired renal vasodilator responsiveness to EETs are both present at the onset of decompensated phase of CHF and critically contribute to the development of renal dysfunction in ANG II-dependent hypertension. This in turn may accelerate the progression of CHF decompensation and lead to a fatal end.
However, before the formulation of the ultimate conclusion on the importance of our present findings for the pathophysiology of progression of CHF and the prospective development of new therapeutic measures, several issues should be considered.
The first issue is to what extent the present findings are pertinent to the assumed systemic and intrarenal activation of the RAAS and sympathorenal axis. In accordance with the early evidence [53] and later own studies [49, 51, 52] , sham-operated TGR exhibit markedly higher plasma and intrarenal ANG II concentrations as compared with sham-operated HanSD rats; however, there is no increase in plasma aldosterone levels. Our present finding of normal plasma aldosterone levels in sham-operated TGR is in agreement with that of previous studies [55, 56] , which indicated that the adrenal gland is the major site of Ren-2 renin gene expression; notably, aldosterone production is altered only locally, without affecting circulating aldosterone levels. Moreover, our finding that circulating and intrarenal NE levels are not elevated in sham-operated TGR as compared with sham-operated HanSD rats again supports the previous notion that Vacková et 
increased sympathetic nervous system (SNS) activity is not a primary cause of hypertension in the models obtained by the insertion of the mouse Ren-2 renin gene into the rat genome, that is, either TGR or inducible Cyp1a1 Ren-2 TGRs [56] [57] [58] . Our novel finding is that even though plasma and kidney ANG 1-7 levels are similar in sham-operated TGR and sham-operated HanSD rats, the circulating and intrarenal balance between the vasodilator axis and vasoconstrictor axis of the RAAS (expressed as ANG 1-7 to ANG II ratio) is shifted toward the latter. Considering that ANG 1-7 is the biologically active peptide of the vasodilatory/natriuretic axis of the RAAS and that the physiological role of this axis is to counteract deleterious actions of the vasoconstrictor/ sodium retaining axis, especially under conditions of inappropriately activated RAAS [52, 59] , it is conceivable that deficient activity of the vasodilatory/natriuretic axis might contribute to the pathophysiology of hypertension in TGR. Taken together, our present findings confirm again that TGR presents a unique ANG II-dependent model of hypertension with increased activation of the RAAS, wherein increased activity of its vasoconstrictor axis plays a critical hypertensiogenic role.
Additionally, also in agreement with recent findings, we observed that ACF rats exhibit increased plasma ANG II, aldosterone and NE levels and also elevated intrarenal concentrations of ANG II and NE [31, 34, 38, 42] . This confirms that the activation of the vasoconstrictor/sodium retaining axis of the RAAS along with the activation of the sympathorenal axis is present in this model of CHF. This further supports the notion that CHF is not only a hemodynamic disorder but also a neurohormonal syndrome, with activation of the RAAS and SNS contributing to CHF progression [16, 20, 21, 23, [28] [29] [30] 60] .
In this regard, our important novel finding is that ACF creation in TGR results in a further increase of already elevated plasma and kidney ANG II levels: indeed, plasma and intrarenal concentrations of ANG II in ACF TGR were almost twice higher than those in ACF HanSD rats. This indicates that ACF-induced CHF in this ANG II-dependent model of hypertension is accompanied by a more pronounced activation of the vasoconstrictor axis of the RAAS than observed in normotensive animals. On the other hand, we found that plasma aldosterone levels in ACF TGR and ACF HanSD rats were elevated to similar levels. Of particular interest is our finding that the vasodilatory/natriuretic axis of the RAAS was more activated in ACF TGR than that in ACF HanSD rats (based on the ANG 1-7 to ANG II ratio in the plasma and in the kidney), which indicates a more pronounced compensatory activation of this axis, possibly counteracting the prominent activation of the vasoconstrictor/sodium retaining axis of the RAAS in ACF TGR. Nevertheless, we propose that pronounced hyperactivity of the vasoconstrictor/sodium retaining axis of the RAAS is an important determinant of an earlier onset of the decompensation phase of CHF in ACF TGR.
Another set of the present findings to be considered here is the organ morphometric data. In agreement with previous studies, including our own [31, 37, 38, [40] [41] [42] [43] [44] [45] , 5 weeks after creation of ACF, all the animals displayed striking cardiac hypertrophy with significant lung congestion but without any increase in liver weight, indicating LV failure. The novel finding is that the degree of these changes was discernibly higher in ACF TGR than that in ACF HanSD rats. Specifically, the percent increases in LVW and lung weight were markedly higher in ACF TGR than those in ACF HanSD rats (41 ± 3 vs. 25 ± 2 and 72 ± 4 vs. 22 ± 3%, respectively, p < 0.05 in both cases). Even if organ weight may be thought an "unsophisticated" marker, previous studies evaluating the relationship between organ morphometry and cardiac function assessed by echocardiography and by direct hemodynamic pressure-volume analyses have demonstrated that the organ weights are a reliable predictor of the onset of cardiac decompensation in experimental models of HF and particularly in the volume overload model [38, 43, 44, [61] [62] [63] . Collectively, the present organ weight data suggest that ACF TGR were in the stage of advanced HF and rapidly progressed to the decompensation phase. This clearly indicates that the present findings are relevant to the pathophysiology of the onset of HF decompensation, at least in the model employed here. Of considerable interest are also our findings pertaining to RBF responses to Ach and Bk, the endothelium-dependent vasodilators, as observed in sham-operated as well as in ACF animals. In agreement with observations made by Jacinto et al. [48] and Kopkan et al. [49] , we showed that sham-operated TGR exhibited exaggerated renal vasodilator responses to these agents as compared with sham-operated HanSD rats. It means that augmented renal vascular responsiveness to ANG II cannot be explained by an impaired vascular responsiveness to endogenous vasodilators. Instead, our findings suggest that enhanced renal vascular responsiveness to endothelium-dependent vasodilators may buffer the renal vasoconstrictor actions of ANG II and thus attenuate the decreases in RBF in ACF animals. It is noteworthy that previous studies in patients and animals with HF demonstrated impaired endothelium-dependent renal vasodilatory responses that have been proposed to play a role in the development of renal dysfunction in HF and the progression of this disease [31, 32, [64] [65] [66] [67] [68] . In an attempt to reconcile our findings with these previous studies, it is important to point out that the majority of studies in HF subjects evaluated RBF responses to systemic and not intrarenal administration of vasoactive agents. Such procedure can cause significant changes in MAP [31, 32, [64] [65] [66] [67] , which are known to activate compensatory mechanism(s) that alter RBF responses. Therefore, it is now recommended that any conclusions concerning renal vascular reactivity should be based on direct intrarenal arterial administration of vasoactive agents [48, 49, [69] [70] [71] [72] .
It has to be admitted that the mechanism(s) responsible for the altered renal vascular responsiveness to ANG II and to EETs, as observed in ACF TGR, remain unclear and the present study was not designed to address them. However, considering several potentially relevant issues can provide some insight in the background of the altered responses.
First, it is possible that the enhanced renal vascular responsiveness to ANG II might be secondary to increased number and/or affinity of vascular ANG II type 1 (AT 1 ) and type 2 (AT 2 ) receptors. It was previously reported that in ANG II-infused hypertensive rats [73] and in TGR [49] the kidney AT 1 receptor protein levels were not significantly different from those in their normotensive counterparts, despite markedly elevated circulating and intrarenal ANG II concentrations. However, it cannot be excluded that the enhanced vascular responsiveness to ANG II reflects increased sensitivity of the AT 1 signaling pathway in the vascular smooth muscle of ACF TGR. Regarding the role of AT 2 receptors, it seems unlikely because the AT 2 receptors protein level in ANG II-infused hypertensive rats and TGR is extremely low and not different from the values observed in normotensive controls [49, 73, 74] . Nevertheless, little information is available regarding ANG II receptor levels and signaling in the vascular smooth muscle of renal resistance vessels in ACF rats, and there is no such information for ACF TGR. Additional studies are required to address this issue.
Second, the interpretation of the reduced renal vasodilatory responses to EETs in ACF TGR is even more difficult compared to ANG II because EETs act as endothelial-derived hyperpolarizing factors and their vasoactive actions are substantially modified by interactions with hormonal and paracrine systems, such as RAAS, SNS, as well as purinergic and endothelin systems [75] . Considering that the activities of RAAS, SNS, and endothelin systems are markedly activated in CHF [12, 16, 20-23, 28-31, 75, 76] , it is conceivable that the differential compensatory activation of these systems in ACF TGR and ACF HanSD rats might also alter the renal vascular responsiveness to the administered native or synthetic EETs. Future studies would be needed to dissect such complex interrelationships.
In the context of the above-discussed issues, 2 limitations of the present study should be mentioned. The first one relates to the technique employed in the evaluation of renal vascular responses to vasoactive agents in vivo. Even though the technique is in common use [25-27, 34, 37, 38, 47-49] , one should be aware that experiments are performed in anesthetized, surgically stressed animals, and involve fairly invasive manipulation of the kidney. Thus, it is possible that ACF TGR and ACF HanSD rats respond differently to those experimental conditions, which might to some extent influence the outcome of such renal in vivo studies.
Another limitation relates to the models of hypertension and CHF. Admittedly, TGR represent an artificial model of hypertension, wherein the insertion of the mouse renin gene (Ren-2) into the genome of normotensive rats is associated with striking activation of the RAAS [35, 36] . The ACF model of CHF is also specific due to its primary "high-output" feature: in the majority of patients with CHF, the initial insult is different. Nevertheless, the model still has many features similar to untreated human CHF, especially regarding neurohormonal activation and the development of renal dysfunction [31, 34, 37, 38, [40] [41] [42] [43] [44] [62] [63] [64] [65] . It should be mentioned here that in our original study evaluating the sequels of ACF creation in TGR [37] , we found that after an initial profound drop in MAP below the level observed in shamoperated HanSD rats, MAP returned to the values observed in sham-operated HanSD rats within 56 h. Thus, these MAP values were within the range of renal autoregulatory capacity and adequate for normal renal function, providing appropriate baseline conditions for studies in ACF TGR. Therefore, we suggest that ACF TGR is suitable to be employed in studies evaluating the role of hypertension and RAAS in the progression of CHF, in particular, its form associated with renal dysfunction.
Conclusion
On the whole, while admitting the limitations discussed above, we can still conclude that our present results show that ACF TGR studied 5 weeks after creation of ACF exhibit exaggerated renal vascular responsiveness to ANG II and reduced renal vasodilatory responses to EETs. This suggests that such combined alterations play an important role in the development of renal dysfunction and can accelerate the onset of decompensated phase of CHF in this hypertensive model. As discussed above, we believe that our novel findings regarding the pathophysiology of CHF should be considered in attempts to develop new pharmacological strategies for the treatment of renal dysfunction in CHF individuals, especially those displaying hypertension before the onset of CHF.
